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Pulse Wave Analysis of Nurses’ Mental State and Autonomic 
Nervous Function by Type of Shift
Keiko Okajima
The Japanese population has been aging at globally unprecedented rates. According to the 
Statistics Bureau of the Ministry of Internal Affairs and Communications of Japan, the population 
of Japan was 126,714,000 in November 2017. The population of the elderly aged above 65 years
was 35,190,000 in the same year, representing approximately 27.8% of the total population and a 
super-aging society. This trend and declining birth rates are expected to further accelerate the aging 
rate in the future.
The increase in the elderly population also increases medical service needs. Therefore, efficient 
and effective provision of medical services is an important objective, and recruiting and retaining 
human resources is a particularly urgent mission. Health care settings are characterized by their 
need for 24-hour, seamless services, calling for night shifts and alternative work schedules. 
Furthermore, the increasingly sophisticated and complicated nature of medical services itself has 
demanded and normalized long work hours for overworked staff.
This change requires workers who can provide high-quality medical care services that cater to 
the increasing public health and medical care needs in Japan.
Thus, the aims of this study were to enable visualization and self-awareness of the effects of 
shift work in nurses by evaluating changes in their autonomic nervous function in different shift 
work schedules quantitatively using finger plethysmography.
Chapter 1 discusses two main topics: First, the changes in the conventional medical service 
system, and second, educational backgrounds and supply and demand of nurses, one of the 
professions that support the increasing demands placed on medical services in view of the 
imminently approaching super-aging society.
By 2025, the baby-boomers in Japan will have become late-elderly aged 75 years and above, and 
the elderly aged 65 years and above will comprise 30% of the population, representing what is 
called the super-aging society. The increase in the elderly population will increase the demands for 
medical services. According to the 2013 Estimates of National Medical Care Expenditure of the 
Ministry of Health, Labor and Welfare, the elderly aged 65 years and above, who compromise 
approximately one-fourth of the population, cost 57.7% of the total national medical care 
expenditure. When this demand increases even more with the larger elderly population in the future, 
extended hours and overwork will become normalized for health care workers in charge of 
supporting their health. Furthermore, irregular schedules characterizing night shifts and shift work 
are essential in the medical setting. In general, harsh work environments increase employee 
turnover rates, thus making it clear that recruiting workers and improving work environments are 
urgent missions for the health care system in response to this increased demand.
Chapter 2 discuses personality traits of nurses and their relationship with types of medical 
facilities. There are some associations between mental health problems, a frequently discussed issue 
today, and personality traits. With the exception of psychiatric and tuberculosis wards, medical 
facilities are clearly distinguished between general hospitals that care for patients in the acute phase, 
and long-term care facilities that care for patients in relatively stable medical conditions. There are 
major differences between the functions of general and long-term hospitals, which may also affect 
nurses’ adaptability to work there, depending on their personality traits.
For this research, questionnaires including a personality trait test were mailed to nurses working 
in five small- to medium-sized general and long-term care hospitals in the Kansai region. Valid 
responses were received from 166 nurses in general hospitals and 105 nurses in long-term care 
hospitals. Nurses in general hospitals scored significantly higher in the personality traits of 
“exhibitionism” and “aggressiveness,” and nurses in long-term care hospitals scored significantly 
higher in “persistence” and “fictitiousness.”  As such, differences in the personality traits of staff 
in general and long-term care hospitals were revealed.
Chapter 3 reviews the effects of leg massages on the autonomic nervous system in patients under 
maintenance hemodialysis, as measured using finger plethysmography. Pulse waves comprise pulse 
wave amplitude, which represents peripheral sympathetic nerve activity, and pulse wavelength, 
which represents heart rate. Low values for either indicate activity of the sympathetic nervous 
system. Effectiveness of leg massage in decreasing blood pressure during dialysis and improving 
sensations of warmth or comfort in the legs have been reported in previous studies. Thus, we 
attempted to observe changes in peripheral autonomous nerve activity through finger 
plethysmography, given that blood pressure is modulated by the autonomous nervous system.
The pulse wave amplitude of patients who received leg massages showed sympathetic nervous 
dominance at three hours after initiating dialysis and later. This indicates the probable reaction of 
the sympathetic nervous system, as exemplified by elevated blood pressure, in response to 
constriction of the peripheral vessels. In contrast, the control group that did not undergo leg 
massages reached sympathetic nervous dominance at three and a half hours of initiating dialysis, 
which is close to the end of the session. Furthermore, the changes in pulse wave amplitude of the 
control group were more marked throughout the entire duration of dialysis compared to the 
massage group.
Based on these results, we found that leg massaging, during maintenance dialysis, modulates the 
peripheral sympathetic nerves.
Chapter 4 investigates the effects of shift work schedules on the autonomic nervous function 
through finger plethysmography on eight nurses who shift their work schedules. Pulse waves were 
measured after day shifts, after night shifts, and on days off (in the morning). At the same time, the 
Profile of Mood States (POMS) scale, which assesses mood, and the State-Trait Anxiety Inventory 
(STAI), which assesses anxiety, were also administered.
The pulse wave measurement experiment consisted of four tasks: 1) the “cross” in which the 
subject looks at, displayed on the computer screen, with eyes open; 2) “baseline,” measured during 
rest with eyes closed; 3) “calculation,” by calculating and inputting numbers next to each other like 
the Kraepelin test; and 4) “eyes closed,” measured after calculation while resting with the eyes 
closed. To evaluate changes over time, “calculation” and “eyes closed” were measured twice each. 
Because pulse waves vary largely by individual or situational factors, the values for the three other 
tasks were divided by the “baseline” value taken while resting with the eyes closed for each 
experiment to calculate relative values.
Although there were no significant differences in POMS scale results between conditions of 
employment, nurses scored significantly higher for “Fatigue” than “Vigor” after a night shift. The 
STAI assessment resulted in significantly higher scores of state anxiety after a day or night shift 
than on days off.
In terms of pulse wave amplitude, the sympathetic nerves reacted to the stress induced by the 
first “calculation” task, but recovered after closing the eyes. However, closing the eyes after the 
stressor (calculation) the second time, resulted in a more moderate recovery compared to the first 
time, suggesting that the stress responses were more persistent. After a night shift, there is a 
sympathetic nervous response after calculation, similar to that after a day shift; however, the 
recovery after the stressor was more moderate compared to the test conducted after a day shift. 
Thus, the stress response was suggested to persist more markedly while closing the eyes after the 
first test compared to that after the second test after a night shift. Conversely, the sympathetic 
nervous system does respond to the stressor (calculation) on days off, but it may be less marked, 
hinting at the attenuated stress response.
In a society with imminently high elderly population and mortality rates, the decline in the 
working age population is inevitable. Therefore, it is imperative to build high quality and highly 
effective medical services in response to increased pressures on the health care system. The 
findings of these series of studies shall provide guidance to improving work environments of 
nursing professionals who are in charge of these roles within medical service systems. In particular, 
effects of the shift work on the autonomous nervous system made noninvasively measurable 
through finger plethysmography, are deemed effective for providing data conducive to improving 
future work environments.
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????????????????????????????????????????
????????????????????????????????????????
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??????????????????????????????? ?????????
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????????????????????????????????????????
[58; 59; 60; 61]???????????????????????????????????
????????????????????????????????????????
???????????????? ????????????????????????
?????????????????
3.5.2.2? ????????????????
???????????????????? 5???????? 1?????????
?????????????? 1?????????????????????????
??????????1??????????????????????????????
?????? 30??? 3???????? 1???? 3???????????????
??? 3????????????????????????????????????
? 3?? ???????????????????
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??????????????????? 1????????????????????
????????????????????????????????????????
???????????????????????????????? [48]??????
????????????????????????????????????????
????????????????????????????????????????
????
3.5.3? ???????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????? 3?4 ???????????????????? [48]?
???????????????? 3??????????????? 1???????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????? [48]???????????????????????
????????????????????????????????????????
????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? [62]??????
????????????????????????????????????????
?????????
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????????????????????????????????????????
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?????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????
? 4?? ??????????????????????????????????
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? 4?? ???????????????????????????
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4.1 ????
????? 24??????????????24????????????????
????????????????????????????????????????
?????????? 24 ???????????????????????????
??? 9.8???????? 1.8??????? [63]???????????????
????????????? 18.5?????? 7.9????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????? [64; 65]???????????
????????????????????????????????????????
??????????????????????????????????????
??? [66; 67]????????????????????????????????
????????????????????? [65; 68]??????????????
???????????????????????
??????????????????????????????????????
??????????????????????? [59; 69]????????????
???????????????????????????????????????
????????????????????????????????
4.2 ??
4.2.1? ???
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4.2.2? ?????
??????????????????????????????????????
???????????????????????????????????????
?????
4.2.3? ????
?????????????????????????????????????
????????????? 8? 30??? 17? 15????? 16? 30?????
? 9? 15???????????????????????????? 2?????
????????????????????????
????????????????????: conditions?????
4.2.4? ????
????????????????????2 ?????????????1 ???
?????????????????Profile of Mood States?POMS?????????
????????????????State-Trait Anxiety Inventory?STAI????????
??????????????????
POMS???????? 6????????????Tension?Anxiety: T?A?????
??????Depression?Dejection: D?????????Anger?Hostility: A?H?????
?Vigor??????Fatigue??????Confusion???????????????????
????????????????????????0???????????????4
??? 5 ???????????? [70]????????????????????
???????????????????????????????????????
???????????????????????????????????POMS?
??????????????????T???????T????????????
??????????????????????? 1???????????????
?????????? 50?????? 10????????????????????
?????????????????????????????????T??????
???????????????????????????????POMS???T?
??????????????????????
STAI??????state anxiety???????trait anxiety?? 2?????????
???????????????????????????????????????
??????????? [71]?????????????????????????
???????????????????????????????????????
???????????????????????????????????????
? 4?? ??????????????????????????????????
4.2? ??
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???????????????????????????????????????
???????????????????????????????????????
??????????????????????????? P???????????
?? A ??????????????????1 ?????????????????4
??? 4??????????????????????P??? A????????
??????????????????20??? 80?????????
4.2.5? ????
??????????????????????????????
???????????????????????????CCI ?????????
??????????? 3???????????????????????????
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??????????? 4-1?????????????????????????
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??????????????????????????????????? 4 ???
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??????????????????????????????????????
???????????????????????????????????????
?????????????????????
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4.2.6? ????
???????????? 200Hz???????????????????????
??????0.8-12.0Hz? FIR????????????? [62; 72; 73]???????
??????????????????
??????????????????????????????????????
????????????????????????????????? 2?????
???????? 10?????????????1???????? 12??????
??????????????????????? 12???????????????
????????????????????????4-1????????????????
???????????
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?4-1?
4.2.7? ????
4.2.7.1? ?????????????
3??????????????????????????????????????
????????????????????????????????????????
??(????)2????(????)2????????? [74]?????????F????
???????????????????????????????F ????????
????????????????????????????????????????
????????????????????????????????????????
??????????F???????????????4-2?????
3??????????????????????????????????????
????Tukey-Kramer?? Bonferroni???????????????????????
??????? 5%??????????????????????????Bonferroni?
? 3???????????????????? 3?????????? 0.05? 3???
? 0.017?????????1???????????????????????????
0.05 ?????? [74]????????????? 5%???????????????
????????????
FDR ????????????????? [75]????????????????
??????????????? ? 1?????????????????????
?????????????????10?????
????????? 10
????????? ??? =
F??????, ??????= F?, ????? ? ?4-2?
? 4?? ??????????????????????????????????
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FDR?false discovery rate?= E?
??????????????????
???????????
P(i) < im q*
????????????????????????????FDR ????????
???????????????FDR??????4-3?????????? [76]?FDR
????????????????? 0.05??????????q*????? [75]?
?4-3?
??? Benjamini-Hochberg?BH??????????????BH??????????
?????? m????????? p??????? p??????????????
P(i)????? ? ? ? ? ? ? ? ???????????????????
4.2.7.2? ????????
?????? SPSS ver. 23.0?????
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4.3.2? ????
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????????????????????????????????????????F(2, 
573) = 10.85, p < 0.001???????????????????????????????
??????????????F(2, 573) = 6.99, p < 0.01??
0
20
40
60
80
100
120
140
0.6 0.7 0.8 0.9 1.0 1.1 1.2
??
??????
?
??
???
(A) ??? (B) ???
0
20
40
60
80
100
120
0.6 0.7 0.8 0.9 1.0 1.1 1.2
??
???
?
??
???
???
(C) ??
0
20
40
60
80
100
0.6 0.7 0.8 0.9 1.0 1.1 1.2
??
??????
???
?
??
? 4?? ??????????????????????????????????
4.3? ??
61
? 4-12? ????????????????
?????????????????????????????? 1????????
?????????????????????????????????F(2, 285) = 
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4.3.3.2.2 ??????????
????????????????????????????????????????
?????????????????????????????????????????
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4.3.3.2.3? FDR?false discovery rate??????????????
? ????????????????FDR?Benjamini-Hochberg?????????Bonferroni
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? 4-1? FDR???????? ?????
q* = 0.05???
??? ??? ??
p? ?? FDR? ?? p? ??
FDR
? ?? p? ??
FDR
? ??
?? - ?? 1 0.0000 3 0.0150 ?? 0.0016 3 0.0150 ?? 0.0000 1 0.0050 ??
?? - ?? 1 0.4188 9 0.0450 0.1712 9 0.0450 0.0005 4 0.0200 ??
?? - ?? 2 0.0000 5 0.0250 ?? 0.0080 4 0.0200 ?? 0.0004 3 0.0150 ??
?? - ?? 2 0.0000 4 0.0200 ?? 0.0000 2 0.0100 ?? 0.0000 2 0.0100 ??
?? 1 - ?? 1 0.0000 1 0.0050 ?? 0.0425 8 0.0400 0.3069 8 0.0400
?? 1 - ?? 2 0.0057 7 0.0350 ?? 0.7996 10 0.0500 0.5286 9 0.0450
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4.3.3.3? ????????
4.3.3.3.1 ??????????
???????????????????????????????????????
??????????F(2, 285) = 18.77, p < 0.01????????????????????
???????????????????F(2, 573) = 12.78, p < 0.01??? 4-16??
? 4-16 ??????????????
0.7
0.8
0.9
1
1.1
1.2
?? ?? ??
???
???
??
??????
??
???
???
???
?
1.2
1.1
1.0
0.9
0.8
0.7
???
*** p < 0.001
? *** p < 0.01
? 4?? ??????????????????????????????????
4.3? ??
65
?????????????????????????????? 1????????
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??? 1????????????????????????????????F(2, 285) = 
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??????????????F(2, 285) = 5.17, p < 0.01??
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4.3.3.3.3? FDR?false discovery rate????????????
????????????????FDR?BH??????????????Bonferroni
???????? FDR???????????????????????Bonferroni??
??????????????????? 2??????????????????? 1?
???? 1????????????????????????? 2??????????
?????????????? 2????? 1????? 1?????? 2???????
???????????? 4-2??
? 4-2? FDR???????? ???
q* = 0.05???
??? ??? ??
p? ??FDR? ?? p? ?? FDR? ?? p? ??
FDR
? ??
?? - ?? 1 0.003 4 0.0200 ?? 0.1802 7 0.0350 0.0457 7 0.0350
?? - ?? 1 0.5108 9 0.0450 0.0718 6 0.0300 0.0320 6 0.0300
?? - ?? 2 0.0066 6 0.0300 ?? 0.0056 3 0.0150 ?? 0.0000 1 0.0050 ??
?? - ?? 2 0.9814 10 0.0500 0.0297 5 0.0250 0.0006 2 0.0100 ??
?? 1 - ?? 1 0.0000 1 0.0050 ?? 0.0058 4 0.0200 ?? 0.9186 10 0.0500
?? 1 - ?? 2 0.0790 7 0.0350 0.0000 1 0.0050 ?? 0.0019 4 0.0200 ??
?? 1 - ?? 2 0.0002 3 0.0150 ?? 0.0024 2 0.0100 ?? 0.5609 9 0.0450
?? 1 - ?? 2 0.0000 2 0.0100 ?? 0.3049 8 0.0400 0.0014 3 0.0150 ??
?? 1 - ?? 2 0.4287 8 0.0400 0.5771 10 0.0500 0.3621 8 0.0400
?? 2 - ?? 2 0.0026 5 0.0250 ?? 0.5706 9 0.0450 0.0162 5 0.0250 ??
? 4-19 ??????????????????
(C)? ??
???
***
0.8
0.9
1.0
1.1
?? ??? ??? ??? ???
*** p < 0.001
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4.4 ??
4.4.1? ????
POMS???????????????????????????????????
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